INTRODUCTION
This article discusses the events and situations that, when observed and acted upon, initiate the revision of processes and procedures covered by good manufacturing practices (GMPs) in a regulatory industry such as that covered by the US Food and Drug Administration or other global regulatory agencies (1). Systematic pursuit of revision leads to continuous improvements. Events and situations do not generate the intervention by themselves. The key terms here are "when observed and acted upon," focusing attention on the major groups of stakeholders that can initiate the process leading to the revision. The persons occupying each of these stakeholder roles must first see, then act, to occasion the intervention.
There are five major groups of these stakeholders. These five groups provide a map of the overall sphere of regulated industry. Each represents a different facet of regulated industry, including the following: In brief, operational staff manufacture the regulated product, be it a drug, medical device, nutritional supplement, etc. The quality auditors function independently to monitor the activities of operational staff as well as the quality attributes-the safety, identity, strength, purity, and quality (SISPQ) of the product. Agency investigators in turn regulate the activities of both operational and quality staffs. Healthcare providers prescribe the product, and patients utilize the product.
Any member of these groups can make an observation that may bring about an investigation and root cause analysis. The outcome of an investigation can be followed by the development and execution of corrective actions and preventive actions (CAPA). The logic of this investigative and revising process may be more or less explicit in the various regulated industries, but the underlying logic is the same.
A CAPA can identify several kinds of remediation for a given observation (e.g., business process redesign, risk mitigation, organizational development programs, leadership development initiatives, training intervention, etc.). Some remediation implicates the revision of a standard operation procedure (SOP); other remediation does not. This article focuses on the range of intervention and remediation, giving special attention to those that lead to the revision of procedures.
Following an introductory section that addresses the function of SOPs and the revision of lifecycle documents, the second section discusses the routine review of procedures. This set of routine practices can be taken as a baseline for the exceptional practices that are addressed in Of course, the use of SOPs is also a regulatory requirement. FDA has stipulated, "There shall be written procedures for production and process control designed to assure that the drug products have the SISPQ they purport or are represented to possess." Furthermore, "such written procedures shall be followed"(3). FDA has stated similar predicate rules for written SOPs for many of the areas under its jurisdiction, as displayed in Table I . FDA has even stipulated predicate rules for written SOPs that apply to itself, Good Guidance Practices (4).
Without SOPs, there is confusion about what the task is and where the task should be performed.
Without an SOP the task performance will be poorly resourced-either under-resourced or wastefully resourced. In either case, task performance is more costly, since the underresourced case may require rework, and the overresourced case may require cost recovery. The sequencing of tasks may go awry without an SOP-a task that must precede a task may be omitted, or a task that depends upon another task may be performed too soon. Either of these could threaten the integrity of the entire process.
In the absence of an SOP, personnel may be confused about who is responsible for each task. Tasks may not be successfully performed if there is no one responsible for it, or if two or more employees are responsible for it. Without an SOP there are no standards to define the satisfactory task completion.
Business process and regulatory requirements for using SOPs incorporate the necessity of revising procedures. The revision process provides an opening for continuous improvement insofar as the changes represent improvement. FDA's predicate rules call for not only "written procedures" that "shall be followed," but the predicate rules also stipulate "written procedures, including any changes" (5). There are several aspects to this issue of "changes." First, an SOP is a controlled document, so any change in the associated process must be documented in conformity with the organization's change control process. Second, the FDA predicate rules stipulate that the GMPs must be "current," (i.e., CGMPs), so that changes in the associated process or practices must be captured in the procedure in a timely fashion. Third, technological change is ubiquitous in life science industry, so there will always be the necessity of revising SOPs as an aspect of business process as well as a regulatory requirement.
Because SOPs must be and are constantly revised, it will prove useful to identify the various kinds of events and situations that may call for the revision of procedures. Neither an event nor a situation automatically calls for intervention; these must be labeled as "events or situations of interest" by an appropriate administrative procedure. There are two fundamental kinds of occasions for revision: routine review of life-cycle documents and revision due to observations of a non-conformance, etc. In turn, there are five main kinds of observations-those that follow from escalated events, from internal audits, from regulatory (FDA) inspections, from adverse events (AEs), and from customer quality complaints. These five kinds of observations correspond to the five stakeholder groups identified previously, as displayed in Table II. A complex decision process lies between observation and intervention. Any one of the five kinds of observations may bring about an investigation. An observation is typically escalated, triaged, and may or may not become a record of interest in the organization's quality management system (QMS). It is that record that may or may not become the basis of an investigation and root cause analysis. The record can also become part of a set of similar records that can be tracked and trended. If necessary, they can be investigated further. The conclusion of an investigation can be followed by the development and execution of corrective actions and preventive actions. These elements are displayed in the Figure. The logic of this investigative and remediation process may be more or less explicit; it is quite explicit in the case of GMP. It is less explicit in other regulated areas. The underlying logic remains (6).
Even if an observation does, on occasion, lead to the reengineering of the GMP process, it does not necessarily lead to the revision of a procedure. A CAPA can identify several kinds of remediation for a given observation (e.g., business process redesign, risk mitigation, organizational development programs, leadership development initiatives, training intervention, etc.). Some intervention implicates the revision of an operational SOP; other intervention does not.
This section has discussed the function of standard operating procedures and the impact of change on lifecycle documents. It makes the point that change opens the way for continuous improvement of the GMP process. The next section addresses the routine review of lifecycle documents.
ROUTINE REVIEW OF LIFECYCLE DOCUMENTS
The routine review of lifecycle documents takes place on a regular schedule, typically every two years (biennial review) or every three years (triennial review) (7). At the beginning of the lifecycle, the specific version of the SOP is approved by management and quality assurance and is then implemented or "reissued." Once implemented, like any controlled document, the SOP remains subject to change control. Either it will be unchanged during the lifecycle of that version, or it will be changed according to the organization's change control procedure. If the SOP is unchanged, it will be diligently executed during the remainder of its lifecycle. If problems of execution occur, it will still be diligently executed until it is appropriately changed.
Should problems of execution become apparent during the lifecycle of the current version there are two options. If the problems are not critical (i.e., presenting neither business risk nor quality risk), they can be documented by the business owner (or management in any impacted area) and filed for the next routine review. An example of a non-critical problem might be a change of name of an organizational unit that is referenced in the SOP. If the problems are critical (i.e., posing a business risk or a threat to the SISPQ of the product), a planned deviation protocol (PDP) can be prepared according to the organization's change control procedure to revise the current version. The PDP serves as a corrective and preventive action to revise the SOP until the next routine review. As soon as the PDP is implemented, the SOP as revised will be diligently executed during the remainder of its lifecycle.
The elements of the routine review of an SOP are displayed in Table III. Once these steps have been completed, the SOP can be subjected to a critical review, in light of the complexity and criticality of the associated process. This critical review can take the form of an SME review or a step-by-step real-world challenge (8). Finally, the SOP is approved and implemented.
Some organizations take a different approach to the routine review of operational SOPs. Consider the following: An implemented, operational SOP that was due for routine biennial review would be identified. By one administrative procedure (call it "SOP Review Cycle"), an SME was assigned to review the operational SOP. The "SOP Review Cycle" procedure required the SME to "compare the operational SOP to current practices." If the operational SOP was found not to deviate from "current practices," the SME would prepare a work request for an "updating" of the operational SOP, whereupon its version number would be raised and the next due date for its revision would be stipulated. This "updating" of the operational SOP is not considered to be a versioning up. If the operational SOP was found to deviate from the "current practices," the "SOP Review Cycle" required the SME to prepare a work request for a "revision" of the operational SOP. Then, by a second administrative procedure (call it "Creation and Revision of Operational Documents"), the operational SOP would be revised and its content brought into accord with the "current practices." What is wrong with this picture?
Clearly this organization was not following CGMPs or, by implication, its own written operational procedures. In terms of CGMPs, FDA has stipulated that "written procedures shall be followed." FDA did not suggest that written procedures be followed sometimes, and current practices be followed other times. In other words, the operational practices are to conform to the written procedures, not vice versa, and moreover "any deviation from the written procedures shall be recorded and justified" (9). This recording and justification process must be timely, certainly not on a two-year cycle. There is the possibility of FDA inspectional observations regarding the failure to follow written procedures. On top of that is the possibility of FDA inspectional observations regarding inadequacy of the organization's investigations and CAPAs.
In the example, this approach to the routine review of lifecycle documents contradicted the organization's change control procedure. That procedure stipulated that proposed changes to an implemented, operational SOP had to be appropriately requested, processed, and approved. A proposed change request had to indicate any impact the changes would have on process, material, product, regulatory filings, etc. The request also had to identify activities, responsible parties, deliverables, and time frames and due dates, comprising the proposed changes. Pending the approval of the change request, the current version of an operational SOP was to be diligently executed. There is no easy way to harmonize such contradictory procedures as the "SOP Revision Cycle" procedure and the change control procedure.
This section addresses the requirements for the routine review and controlled change of lifecycle documents such as an operational SOP. An alternate approach to routine review is discussed; however, it was found that the alternate approached posed the threat of FDA inspectional observations. The next section examines the occasions for remediation that are due to an internal observation. Some of these implicate the revision of an SOP; others do not.
INTERVENTION DUE TO INTERNAL OBSERVATION
There are two major occasions for remediation because of an internal observation that may require the revision of an operational SOP. The first is an observation made by an employee that requires notification to management of a business risk or quality risk. The second is an observation made by an auditor during an internal quality audit.
Management Notification
The first kind of observation is made by an employee who is not necessarily (or even usually) an auditor. This is an internal observation of an event or situation that may constitute a business risk or quality risk. This can be an observation of either an exceptional event or a routine activity.
Any organization whose processes are "in control" will have an administrative SOP, call it "Management Notification," that requires an employee to inform supervision of any event or situation that may impact the SISPQ of the product or constitute a business risk. FDA stipulates that it is the "person responsible for supervising" who must provide assurance of the SISPQ of the drug product (10). And supervisory personnel and management can only provide that assurance if they are notified of threats to the SISPQ of the product in a timely fashion. Management must be informed within a specified timeframe so that appropriate action can be taken.
The employee's observation will prompt one or more of the following responses from the manager. First, the manager may triage and dismiss the event as insignificant. Second, the manager may call for immediate action to address the event that has been observed. Third, depending on the specifics of the "Management Notification" procedure, the manager may acknowledge receipt of the employee's observation. The employee may be required to submit the notification to management in writing; the manager may also be required to acknowledge receipt of the notification in writing. Fourth, the manager may escalate the notification further up the line. Fifth, management may organize an investigative team for the event, charged with discovering the root cause (11).
The investigative team's report may lead to appointing a person responsible for preparing a CAPA plan (see Table IV ). In that case, management must also stipulate a due date for the CAPA. Insofar as the CAPA requires the revision of an operational SOP, the employee's observation initiates that revision.
Quality Audit Observation
Any organization whose processes are "in control" will have a quality assurance (QA) unit that is responsible for approving or rejecting the procedures, protocols, and specifications that impact the SISPQ of the product (12). That unit must monitor the organization's compliance with these operational SOPs, which entails responsibility for quality audits and "reaudits of deficiencies" (13).
A quality auditor, at the conclusion of the audit, will document audit findings (i.e., observations) and report these to the manager of the unit that was audited. The manager will identify a responsible person to undertake or oversee whatever investigation and root-cause analysis is required. In the real world of limited resources, Lee Vanden Heuvel and Christine Robinson point out that an investigation must balance the costs of the effort against the expected benefit of identifying the root cause (14).
Typically, an investigation includes the following main steps:
• Identify the problem • Evaluate the information, assess risk, take immediate remedial action • Investigate and assign responsibility • Analyze and document the root cause (15) .
FDA also stipulates that when an investigation is called for under 21 CFR 211.192 and is not conducted, "the written record shall include the reason that an investigation was found not to be necessary and the name of the responsible person making such a determination" (16).
Table III:
The routine review of lifecycle documents.
1. Begin the routine review of life-cycle documents such as SOPs by identifying the particular document that is due for versioning up. In the case of biennial review, this involves tracking all SOPs and provisionally tagging those that were implemented two years ago. 2. Accommodate the typical time involved in the document change process. Suppose the amount of time needed to revise an SOP is six weeks. This amount of time is added to the tracking process, so the SOPs that are being tagged are those implemented 25.5 months ago (rather than 24 months ago). This ensures enough time for those SOPs to be revised within their lifecycle. 3. Identify the business owner/ author of each of those tagged SOPs. 4. Query that business owner to assess the number and substance of proposed revisions to the SOP that have been gathered over the past two years. If those proposed revisions are neither numerous nor substantial, prepare for a minor revision -sometimes called an "update" -of the SOP. If the proposed revisions are numerous and/or substantial, prepare for a full revision of the SOP. 5. Review the SOP and identify all impacted organizational units. In the case of the proposed update, contact the impacted units, indicate the assessment, and invite inputs to the update. In the case of the full revision, contact the impacted units, indicate the assessment, and propose a cross-functional meeting. 6. Prepare the draft document per the appropriate administrative procedure. If it is only an update, submit for approval (see item # 10 below). 7. List the draft document in the document management schedule. 8. If necessary, facilitate the cross-functional meeting and review the draft document to ensure all impacted areas make their inputs. 9. Revise the draft document to address the comments raised in the cross-functional meeting. 10. Submit the document as revised to the management review process.
When the investigation is complete, the responsible person will then prepare a CAPA plan to address the observations, along the lines suggested by the FDA and displayed in Table  IV . The manager will also stipulate a due date for the CAPA (17).
The quality audit observation will constitute the occasion for the revision of an operational SOP insofar as the remediation listed in the CAPA requires that revision. An example of this kind of observation, investigation, and CAPA would be an in-process quality observation of out of specification (OOS) levels of product variation. Management would order an investigation and then call for CAPA. The CAPA might propose that more specific directions were needed in the charging procedure (e.g., a more defined rate of addition of an ingredient) to minimize variation. These directions would be added to the operational SOP, either in the next routine biennial review, or, more likely, by way of a PDP (18).
As noted previously, a CAPA can call for all kinds of remediation for a given audit observation-business process redesign, risk mitigation, training intervention, organizational development initiatives, etc. Some intervention involves the revision of an operational SOP; for instance, business process redesign typically must be captured in a revised procedure. Other intervention does not; for instance, training interventions and leadership development initiatives usually do not require any change in an operational SOP. All intervention should contribute to continuous improvement of the GMP process.
This section has addressed the occasions for intervention that are result of an internal observation-an observation of a discrepancy (or an opportunity for process improvement) that an employee escalates to supervision, or an observation made during a quality audit. In either case these may lead to the revision of an SOP. The next section examines occasions for remediation that are due to an external observation.
INTERVENTION DUE TO EXTERNAL OBSERVATION
There are three major occasions for intervention that may result from an external observation of a deviation and, therefore, may lead to the revision of an operational SOP. The first is an observation made by an investigator during a regulatory inspection (19). The second is an observation associated with an adverse event.
The third is an observation that accompanies a customer quality complaint.
Regulatory Inspection
FDA has defined "an establishment inspection [as] a careful, critical, official examination of a facility to determine its compliance with laws administered by FDA." More specifically, the inspection examines the organization's adherence to the concepts of sanitation and good manufacturing practice, seeks assurance that all reasonable precautions are being taken to ensure the SISPQ of finished products, and seeks to identify deficiencies as well as to obtain correction of those deficiencies. This inspection can be either comprehensive or directed. The comprehensive inspection covers everything in the organization subject to FDA jurisdiction to determine the organization's compliance status. The directed inspection covers specific areas to an assigned depth (20).
In the case of a manufacturing site, this inspection will typically inspect the quality system and one of the other five systems: Facilities and equipment, laboratory controls, production, packaging and labeling, and materials (21). A regulatory inspection can include FDA personnel reviewing records of prior inspections, walking through the facility, examining current records, Table IV : Elements of CAPA.
1. Analyze various sources of observations to identify existing and potential causes of quality problems 2. Investigate the root cause of the quality problem 3. Identify remediations to correct and prevent recurrence of the quality problem 4. Verify that the CAPA is effective and does not create further problems 5. Implement and record changes in methods and SOPs required by the CAPA 6. Ensure that information related to the quality problems is disseminated to those directly responsible for assuring the quality of such product or the prevention of such problems 7. Submit information on quality problems, as well as CAPAs, to management 8. Document all activities under the CAPA.
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interviewing employees, etc.
When "deficiencies" are observed, they are reported to management before FDA personnel has left the facility. These 483 observations can become part of an FDA Warning Letter to the management of the organization. At that point, if not earlier, the organization will begin to respond. The response typically includes management's call for an investigation of each deficiency observed during the inspection. Each investigation will include root cause analysis, and tracking and trending of similar events or situations observed elsewhere or in prior inspections. CAPA will be developed and executed, all within a specified timeline. The remediation may require the revision of an operational SOP.
Adverse Event
A second kind of observation is associated with an adverse event. With respect to drugs, FDA has defined an AE as "any adverse event associated with the use of a drug in humans, whether or not considered drug related" (22). FDA has provided analogous definitions of an adverse event for other regulated areas. Moreover, FDA requires "written procedures for the surveillance, receipt, evaluation, and reporting of postmarketing AEs" (23). FDA requires the investigation and reporting of AEs for many of the areas under its jurisdiction, as shown in Table V . FDA encourages healthcare providers to report any AEs that the providers judge to be clinically significant.
In a typical case, an AE report is initially recorded in the organization's drug safety information system within a specified period of time after receipt of the report (say one day). That record should include the name and title of the reporter (i.e., typically the healthcare provider), contact information for the reporter, the product in question including label information, and the patient's identifier (24). A medical reviewer gives a preliminary judgment of the etiology, the "expectedness," and the severity of the adverse event, and provides a medical code for the event based on the Medical Dictionary for Regulatory Activities (MedDRA) or on an internal corporate code used to describe these events. The medical reviewer also determines whether the language describing the event is correct. This is the point of initial triage.
If the event is judged as clearly not drug related then the report is completed at this point. If on the other hand if it is not clear or is a serious adverse event (SAE), then the event is escalated to the next level. Depending upon the preliminary assessment of severity, the case can be expedited. If so, information on this case is provided to FDA for "each adverse drug experience that is both serious and unexpected as soon as possible" (25).
Subsequent investigation of an SAE includes the following two aspects:
• Case specific-reviewing the demographics of the patient, dosage levels and length of exposure, other medications, and other medical conditions • Tracking and trending similar events.
Then two other medical reviewers must independently review the case narratives and lab reports including the diagnosis, clinical course, therapeutic steps, and outcome of the event. They must also independently check the medical coding and confirm the case assessment. If the blinded assessments differ, they must be reconciled. Once reconciled, the case report is submitted to Regulatory Affairs.
Remediation may be called for if the tracking and trending of similar events shows a pattern and the trend reaches a predetermined threshold, or if the individual event is serious enough. In fact, the two factors that drive the decision to make a response are frequency and severity. If the event is a minor complaint (such as a rash) and also a frequent complaint, this may warrant a labeling change (26). Remediation will also be considered for a more serious event, such as acute renal failure, that occurs at a low frequency. Insofar as remediation requires the revision of an operational SOP, the observation and reporting of an AE initiates the revision, similar to the case of the quality audit discussed previously.
Customer Quality Complaint
A third kind of observation takes the form of a complaint made by a customer routed to the organization's quality complaint unit (CQU). FDA has defined a customer quality complaint as "any written, electronic, or oral communication that alleges deficiencies related to the identity, quality, durability, reliability, safety, effectiveness, or performance of a [product] after it is released for distribution" (27) . Processing of complaints and maintaining complaint files is an FDA requirement for many of the areas under its jurisdiction, as displayed in Table VI. Upon receiving a complaint, CQU conducts a triage whereby the complaint is classified according to type: Routine complaint or urgent complaint. If the complaint is classified as routine, a response is prepared, routed via the quality management system through the approval process and finalized, and the file is closed. No operational SOPs would be revised as a result of a routine complaint. If the complaint is classified as urgent, a record is opened in the QMS, the complaint is classified in terms of product quality complaint (PQC) criteria, and the complaint and supporting material are routed to the manufacturing site.
Management decides whether an investigation is required; if so, a responsible person is assigned the task of preparing an investigation plan, and a time schedule is developed. Preliminary tests are conducted, such as X-ray, visual inspection, and functional tests. If further investigation is warranted, the complaint moves to the quality lab or other location where more tests are conducted and evaluations made. Finally, the findings and recommendations of the investigation are reported, routed through the approval process and finalized, and the file is closed. Insofar as the remediation following from the investigation includes the revision of an operational SOP, the customer quality complaint initiates that revision.
CONCLUSION
This article considers the occasions that lead to reengineering of GMP processes, and, under certain conditions, the revision of SOPs. Five groups of stakeholders in the sphere of FDAregulated industry are identified. Kinds of observations that can occasion intervention tend to be associated with each of these stakeholders. While there is some overlap between them, escalated events tend to be associated with employees, internal audits with auditors, 483 observations with regulatory investigators, adverse events with healthcare providers, and customer quality complaints with patients.
The observations initiate an investigation and remediation process that varies in emphasis but that has an underlying logic. An observation is typically escalated, triaged, and can become a record of interest in the organization's QMS. That record can become the basis of an investigation and root cause analysis. It can also become part of a set of records of similar events that are tracked and trended, and investigated further. When the investigation is concluded, remediation can be proposed in the form of CAPA. The remediation is approved and enacted, and may include the revision of an SOP. Thus the initial observation can constitute an occasion for the revision of the procedure. Moreover, a diligent approach to intervention can promote the continuous improvement of the GMP process.
From an organizational standpoint, it is clearly preferable to receive internal observations rather than external observations; it is preferable to conduct investigations, and to develop and enact remediation in response to observations by internal stakeholders, rather than waiting until the organization must respond to external stakeholders. Hence it is good strategy to encourage employees not only to bring suggestions for process improvement, but also to bring observations of events and situations that may constitute a business or quality risk, to the attention of supervision. It is also good strategy to have in place an administrative procedure that provides guidance in the timely,
